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37HES  REACT I OH  OJ  AROIIATIC  [TERTIARY  AMINES  WITH 
AC.YL  "IA1IDE3 

IKTRODUGTIQH 

The  reaction  of  aromatic  amines  with  acyl  halides  is  used 
as  a  means  of  distinguishing  between  the  various  kinds  of  amines. 
Benzene  sulfonyl  chloride  is  the  acid  halide  most  generally  used 
in  carrying  out  the  test.      Tertiary  aromatic  amines  as  a  rule 
do  not  react  with  benzene  sulfonyl  chloride ,  and  by  this  property 
are  distinguished  from  the  primary  and  secondary  amines.  How- 
ever, it  has  been  found  that  dimethyl  aniline  interferes  with 
this  test ,  because  it  (jives  a  reaction  with  benzene  sulfonyl 
chloride.      This  reaction  was  studied  in  some  detail  by  ,/roby, 
who  made  it  the  subject  for  his  bachelor's  thesis. 

In  the  present  work,  the  reaction  of  different  acyl  halides 
With  various  amines  was  studied.      Also  the  effect  of  different 
solvents  on  the  rate  of  reaction  was  studied.      The  effect  of 
increasing  molecular  weight  on  the  ease  with,  which  groups  could 
be  replaced  was  also  studied. 


HISTORICAL  PAST 

P 

Hess    was  the  first  man  to  study  the  reaction  between  benzoyl 

chloride  and  dimethyl  and  diethyl  aniline.      He  refluxed  dimethyl 

aniline  and  benzoyl  chloride  for  several  hours  at  a  temperature 

of  190  C.      A  green  dye  was  formed  during  the  reaction.  A 

yellow  oil  distilled  over  between  315-530  G  from  which  a  solid 

o 

crystallized  out  on  cooling.      Yellow  crystals,  melting  at  6>3 
were  obtained  when  the  solid  was  recrystallized  from  li groin. 
According  to  analysis  the  product  was  benzoyl  methyl  aniline. 
Diethyl  aniline  and  benzoyl  chloride  were  refluxed  in  a  similar 
manner  at  200°  0  for  several  hours.      A  green  dye  was  also  formed 
in  the  course  of  this  experiment.      The  oil  distilled  at  260  G 
under  620  mm.  pressure,  and  crystals  separated  after  standing  a 
long  time  over  concentrated  sulfuric  acid.      According  to  analy- 
sis, the  solid  obtained  was  benzoyl  ethyl  aniline,  which  has  a 

melting  point  of  60  C. 
3 

Dehn    studied  the  reaction  of  benzoyl  chloride  with  various 

amines  in  order  to  isolate  the  addition;  products .      He  used 

various  amines  arid  noted  the  fact  that  some  of  the  amines  reacted 

faster  than  others.       Sunlight  also  promoted  the  reaction. 

Particular  precautions  were  taken  to  keep  reagents  free  from 

moisture  as  this  causes  the  addition  products  to  decompose. 
4 

Dehn    also  studied  the  reaction  between  benzene  sulfonyl 
chloride  and  amines  in  anhydrous  ether.      He  found  that  tertiary 
amines  with  benzoyl  chloride  gave  only  one  type  of  addition  pro- 
duct.     On  the  other  hand ,  benzene  sulfonyl  chloride  gave  two 
kinds  of    addition  products,  whic  i  will  be  discussed  later.  He 
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iaolated  the  various  addition  products  and  determined  the  amount 

of  chlorine  in  the  compounds. 

5 

Menschutkin    measured  the  velocities  of  reaction  between 
triethyl  amine  and  various  aliphatic  iodides  in  different  solvents. 
H  e  found  the  velocity  of  reaction  varied  with  the  different 
solvents,  indicating  that  there  is  a  distinct  specific  attraction 
between  the  solvent  and  the  dissolved  substance. 

Hemptinne  and  Bekaert    al3o  studied  the  effect  of  the  solvent 
on  the  velocity  of  reaction.      They  used  ethyl  bromide  with  tri- 
ethyl  amine,  using  benzene,  xylene,  chlorbenzene ,  aceton^  methyl*, 
propyl,  benzyl  alcohols,  with  various  mixtures  of  liquids.  It 
was  found  that  in  a  mixture  of  compounds  of  similar  nature,  such 
as  two  alcohols,  the  velocity  of  reaction  could  be  calculated 
approximately  from  that  determined  for  each  liquid  separately. 
However,  in  mixtures  containing  alcohol  and  some  other  liquid, 
the  velocity  far  exceeded  that  calculated  from  the  mixture  rule. 
The  results  check  fairly  well  with  results  obtained  by  Llenschutk^n 
for  benzene,  acetone,  chlorobenzene ,  and  xylene,  but  are  con- 
siderably less  for  the  alcohol. 

Long'  measured  the  velocities  of  the  reaction  of  alkyl 

bromides  with  pyridine  and  allied  cyclic  tertiary  bases.  He 

found  that  isoamyl  bromide  reacts  with  pyridine  ,     o<  and  ^-picoline,, 

aiid    quinoline  about  seven  times,  and  isopropyl  about  three  times 

as  rapidly  as  with  isobutyl  bromide. 

8 

Preston  and  Jones    determined  the  velocity  constants  for 
reaction  in  absolute  alcohol  between  methyl  iodide,  ethyl  iodide, 
propyl  iodide,  allyl  iodide,  o,  m,  p-methyl  benzyl  bromide,  o,  m, 

p-bromo  benzyl  bromide^  v&kh  dimethyl  aniline  and  tri-^  iso-amyl 


amine.      They  found    that  the  reactivities  of  the  halides  depend 

on  the  structure  of  alkyl  groups  and  are  only  slightly  influenced 

"by  the  base  with  which  they  react. 
9 

Olivier    studied  the  effect  of  variously  substituted  sul- 
fonyl  chlorides  on  velocity  constants  in  their  reactions  with 
benzene  and  aluminium  chloride.      He  found  the  influence  is  con- 
siderable whether  the  substitution  is  in  the  hydrocarbon  ring  or 
in  the  ring  of  the  acid  chloride  and  is  more  ] renounced  in  the 
latter  case.      The  constants  for  GlO^H^ijOgCl  and  BrC^H^SOgCl 
are  nearly  identic&l.      By  using  benzene  as  the  solvent  and  one 
mole     of  the  acid  chloride  and  one  mole  of  A1G1-,  the,  reaction 
is  mono  molecular  and  the  constant  is  proportional  to  the  amount 
of  AICI3  added. 


THEORETICAL  PARE 

CgHgCOGl  add.8  to  C6H5i<(CH3)2  in  the  following  maimer 

1  GH 
CAHf-l:  _  ° 

This  is  probably  the  first  step  in  the  reaction.      Llehn  claims 
to  have  isolated  this  compound  as  well  as  the  diethyl  aniline 
benzoyl  chloride.      He  determined  the  amount  of  chlorine  present 
in  the  compound.      Sunlight  hastens  the  action.      He  thinks  the 
base  combines  in  the  follov/ing  manner: 

1.  igja     -f-     ciccc6h5  —  ■  r^l  .  cicoCgHg 

2.  R3H        -f-       C1G0CGK5     •=  EgfCOCgHgU-Cl 

The  rearrangement  from  1  to  2  is  probably  caused  by  the  action  of 
the  sunlight.      The  weak  part  c:.  this  hypothesis  was  the  fact  that 
he  couldn't  isolate  two  isomeric  addition  products.  Since 
secondary  reactions  do  not  occur  with  the  tertiary  bases,  it  was 
thought  they  were  best  Suited  for  study.      Tertiary  bases,  however, 
he  observed,  precipitate  tv.o  crystalline  forms  which  were  assumed 
to  be  the  benzoyl  chloride  and  hydrogen  chloride  addition  pro- 
ducts.     Since  hydrogen  chloride  could  not  be  formed  except  by 
hydrolysis  of  benzoyl  chloride,  the  absolute  exclusion  of  water 
will  eliminate  the  formation  of  the  hydrochloride.       The  following 
equations  show  how  the  various  addition  compounds  decompose. 


3.  (CH3C6H4BzHHHGl)  heat  GHgCgH^BlHH    -H  HC1 

4.  RBzIiHEGl  +-  H  0         =     HBzMH     t    H  0    +  HC1 

5.  BgBsBHCl  HgC   ss        H£BbB  H2°  HG1 

6.  E  BzKCl      ■+*    H  C  KM  B*OH    +  HG1 

3  2  5 

The  following  are  the  various  types  of  addition  products 
which  are  formed  by  the  interaction  of  tertiary  amines  with 
benzene  sulfonyl  chloride . 

(a)  QcHKS0eOa  ajj 

(b)  G6H5SCgCl  (a^Blg 

(c)  C  5  30  CI     (R  M) 

6  5     2  3  3 


4 

Dehn    found  that  benzene  sulfonyl  chloride  gave  addition 
compounds  of  the  type  (a)  and  (b),  differing  from  acetyl  chloride 
and  benzoyl  chloride  which  gave  addition  compounds  of  the  type 
(a)  only. 

Traces  of  moisture  cause  the  following  reactions  to  take  place 

7.  C6HgS02Cl  RJS  -+    HgQ     —     C6H5303H  RgH  HC1 

8.  G-HgSOgOB  +  EgB  G-H-SOgOH.BgH 

The  reactions  are  non  ionic  as  proved  by  the  following  re- 
sults.     Benzene  sulfonyl  chloride  yields  the  addition  compound  , 
with  aniline  and  toluidines,  but  hydrogen  chloride  fails  to  give 
their  corresponding  tertiary  compound  the  same  or  any  addition 
product.  C  H 

9.  C6-I5302C1  +  06H5UH2     —  C6M5S02      1,  *  CI 

H  H 


10.     C-HrSOoEH  HCl  Mo  reaction 

b  6      C  RY 

6  0 

In  the  first  case  (9},  a  break  is  necessary  between  the  CgHrjSOg 
and  CI,  while  in  the    second  case  (10),  a  break  between  H  and  CI. 
Bow  the  break  between  RSOp  and  Gl  is  much  easier  than  the  break 
betv/een  H  and  Gl ,  since  by  heat  alone  QgHgSOggl  can  be  decomposed. 
Since  HG1  fails  to  yield  the  addition  com]  ound  the  conclusion  is 
that  HG1  does  not  ionize  in  absolute  ether,  and  the  additive  reac- 
tions are  therefore  non-ionic . 

Quinoline ,  quinaldine ,  acrid ine ,  end  tribenzyl  amine  add  two 
molecules  of  the  base  to  one  molecule  of  benzene  siufonyl  chloride. 
This  was  determined  by  an  analysis  for  the  amount  of  chlorine 
pres  nt.      A  blue  dye  was  produced  by  refluxing  benzene  sulfonyl 

chloride  and  dimethyl  aniline.       This  dye ,  no  doubt,  is  methyl 

10  I  ' 

violet.      Hassencamp      accounts  for  it's  formation  in  the  following 


■ manne  r : 


(  \  / 


o  a 


3  s  64\ 

I  ( OH  )  G  KA  CI 

3  2  6  4 

The  following  is  the  way,  probably,  the  read  ion  betv/een 

benzoyl  chloride  and  tertiary  amines  takes  place. 

CHC0C1    +  Q.HJIS  OH  J E 

G  5  6  5     2  6  5  |  ^coc  H 

Gl        6  5 

Then  upon  heating,  the  addition  product  breaks  down  in  the 
following  manner,  with  RC1  splitting  off. 

*  R 

R   ^         C-HKll-C0CAHK    +  RG1 

°  5/NG0CrHc  65  6  5^ 

Gl  65 
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In  measuring  the  velocity  constants  it  may  be  that  the  rate  of 
decomposition  of  the  addition  product  is  found  instead  of  the 
rate  of  combination  of  the  amine  with  the  acid  chloride.  Any 
unchanged  acid  chloride  will  give  two  moles  of  acid  on  decomposi- 
tion . 

G^COGl  -f-  H£U  =  C  HgC02H  ^  HG1 
c6h5so2ci  +  H20       9        W°3E  *  HG1 

Benzoic  acid  is  formed  furing  the  distillation  of  benzoyl  butyl 
aniline  by  the  decomposition  of  the  addition  product  ^  *\  wx~t 

R 

I  ^  ^  heat 

b  °l   COCrHr  M-°  6  5*        6  5  2 

Gl        5  ° 

The  green  dye  formed  in  the  refluxing  of  benzoyl  chloride  and 
dibutyl  aniline  is  probably  the  result  of  the  following  reaction: 

Gl        G  H 
4  9 
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EXKSRIMENIEAI  PART 

Fifty  grarns  of  dibutyl  aniline  arid  thirty  grams  of  "benzoyl 
chloride  were  placed  in  a  200  oc.  round  bottom  flask  and  the 
mixture  re fluxed  for  several  hours.        Some  yellow  crystals  were 
formed  in  the  bottom  of  the  flask  before  the  mixture  had  been 
heated.      Upon  raising  the  temperature,  the  solution  became  dark 

tus 

green,  whieh  Tless  had  noted  in  his  work  with  dimethyl  and  diethyl 
aniline.      The  mixture  boiled  around  18c" 0  (as  was  determined  by 
a  thermometer  suspended  by  a  copper  v/ire  in  the  flask).  The 
solution  was  allowed  to  cool  and  treated  with  stong  I»aCH  solution. 
The  purpose  of  the  KaOH  solution  was  to  destroy  any  unchanged 
benzoyl  chloride.      The  Ha OH  solution  was  separated  by  means  of 
a  separatory  funnel  and  the  green  liquid  distilled  under  diminish- 
ed pressure.      On  this,  the  pressure  was  not  taken.      A  white 
solid  came  over  between  170-180  G.      This  was  taken  up  in  ether 
solution,  and  treated  with  HaOH  solution.       The  HaGH  was  neutral- 
ized with  dilute  HG1,  and  the  solid  was  washed  and  recrystallized 
from  hot  water.      The  melting  joint  of  the  crystals  was  119-120° 
which  agrees  with  the  melting  poi.ut  of  benzoic  acid.      22  grams 
of  the  liquid -came  over  between  185-210  0.      This  was  dibutyl 
anilijje  which  resulted  from  decomposition  of  the  addition  product 
or  from  some  unchanged  dibutyl  aniline  in  the  experiment.  The 
next  fraction  was  from  210-260° 0,  and  weighed  16  grama.  The 
liquid  w  a  very  viscous,  insoluble  in  acid,  and  alkali,  and  soluble 
with  difficulty  in  alcohol,  and  ether.       The  evidence  proved  it 
to  be  benzoyl  butyl  aniline,  since  it  had  properties  similar  to 
methyl  and  ethyl  benzoyl  aniline*      Hess  found  that  CgHgE-COCgHg 

CH 
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was  only  slightly  soluble  i<  alcohol. 

In  a  second  expe riment ,  50  cc.  dibutyl  aniline  and  30  cc. 
of  "benzoyl  chloride  were  placed  in  a  200  cc.  round  "bottomed  flask 
and  mixture  rcfluxed  four  hours.      The  mixture  waB  allowed  to  stand 
over  strong  IlaCH  solution  for  a  day  to  destroy  excess  benzoyl 
chloride.       The*  gr;  en  solution  was  then  distilled  under  diminished 
pressure.      The  green  solution  soon  turned  dark  "brown  showing 
that  the  green  dye  had  decomposed  under  action  of  heat.  The 
solution  started  boiling  at  148"  under  30  mm.  pressure.       The  liquid 
was  taken  in  two  fractions,  148-217°;  220-235.      The  first  fraction 
was  acidified  with  IIG1  to  test  whether*  oil  was  dibutyl  aniline. 
The  liquid  turned  d.rk  red  and  became  very  viscous.       *t  would 
not  solidify  out  on  cooling  with  freezing  mixtures.       The  second 

o 

fraction,  220-235,  was  a  golden  yellow  liquid,  which  upon  cooling 
separated  out  yellow  crystals.      It  was  thought  at  first,  that 
the  solid  might  be  benzoic  acid  ,  and  the  liquid  dibutyl  aniline 
from  the  decomposition  of  the  addition  product.      However,  when 
the  solution  was  taken  up  i.>  ether  and  treated  with  HaOH  solution 
sev.  rsl  times,  it  was  found  that  the  solid  was  not  benzoic  acid. 
Ehis  was  proved  by  the  fact  that  upon  neutralizing  the  MaOfT,  no 
precipitate  was  formed.      If  the  solid  had  been  benzoic  acid,  there 
would  have  been  precipitation  upon  acidifying  the  i;aOH  solution. 
The  solid  was  recrystallized  twice  from  ligroin,  and  the  melting 
point  of  the  pure  crystals  was  52-53  C. 

20  grams  were  obtained  which  is  about  a  20;.:  yield.  The 
solid  was  analyzed  and  chlorine  was  found  to  be  abs^Wt ,  and  nitro- 
gen present.      Dibutyl  aniline  was  also  refluxed  with  acetic  an- 
hydride, but  no  reaction  took  place,  for  20  cc.  of  acetic  anhydride 
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v/ere  recovered,  and  only  23  cc .  of  acetic  anhydride  were  put  intq 

the  original  solution. 

Pete rmination  of  Velocity  Constanta . 

Standard  HC1  solution,  80^  alcoholic  liaOH  solution  were  made 

and  factors  determined.      AlsoAti.  ie  a£  complete  reaction  of 

benzoyl  chloride  with  the  alkali,,  /^Ittv/as  found  that  standing 

over  night  was  sufficient  time  for  complete  reaction. 

She  heact ion  Velocity  of  Benzoyl  Chloride  and  Di butyl  ..^i- 

line . 

One  fourth  mole  of  dibutyl  aniline,  and  one  fourth  mole  of 
benzoyl  chloride  were  dissolved  in  benzene  and  made  up  to  5CC  cc . 
five  cc .  of  the  mixture  were  drawn  off  for  analysis  before  start- 
ing the  reflux. 


Time  in 
minutes . 

cc .  MaOH  used 
1  factor  .217 

cc.  HOI  used 
K  factor  .262 

0 

25 

3 

30 

25 

3.45 

60 

25 

3.15 

120 

25 

3.00 

240 

25 

2.75 

300 

25 

2.15 

360 

25 

2.7 

The  results  show  that  no  reaction  took  place  at  a  temperature 

o 

of  82  C.      Several  indicators  were  used  in  titration,  and  phenol- 
phthalein  was  found  to  give  the  best  results.       The  benzene  was 
distilled  off,  and  the  mixture  allowed  to  reflux  for  several  hours. 
Some  benzoyl  butyl  aniline  was  obtained  in  the  same  manner  as 
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before.      The  melting  point  of  the  recrystallized  solid  was  53-54  8, 

The  Reaction  of  Benzoyl  Chloride  with  Id  "butyl 
Aniline  in  Xylei.e  solution . 

One  eighth  of  a  mole  of  dibutyl  aniline,  and  one  eighth  of 

a  mole  of  benzoyl  chloride  were  dissolved  in  xylene,  and  the  sol- 


ution  made  up 

to 

250  cc. 

Pi  Ye  cc. 

portions 

were  drawn  off  from 

ti:ae  to  tie, 

and 

analyzed 

• 

Time  in 
minutes 

cc.  ITaOH 
K  factor 

used 
.217 

cc.  HCl  used 
B  factor  .262 

0 

15 

0.5 

30 

15 

0.45 

60 

15 

0.45 

120 

15 

0.65 

180 

15 

C.55 

Results  show  there  was  no  reaction  between  benzoyl  chloride,  and 
dibutyl  aniline  in  xylene  solution. 


The  Reaction  Between  Dimethyl  Aniline  and  Benzene 

ijulfonyl  Chloride. 

One  eighth  of  a  mole  of  each  of  the  interacting  substances 

were  dissolved  in  benzene  and  made  up  to  250  cc. 

Tables  follow  on  the  next  page. 
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Run  liumbe  r  One  . 

lime  in  go.  HaOH  used  co.  HG1  used  Ci  for  mono-  0£  for  di-mol. 
lvlirmtes    E  factor  .261    h  factor. 262    mol .  react.  Reaction. 


0 

25 

8.3 

60 

25 

8.8 

5.02 

X 

-4 

10 

3.08 

X 

-5 

10 

120 

25 

8.85 

2.78 

X 

icf4 

1.7 

X 

10-5 

180 

25 

9.10 

2.78 

X 

10 

1.7 

X 

10"E 

270 

22.65 

8  .40 

5  .87 

x 

ic-4 

3.79 

x 

ic"5 

360 

20 

6.05 

5.00 

X 

10-4 

4.13 

X 

ic"6 

450 

20 

6.75 

5.13 

X 

10-4 

3.47 

X 

10-6 

540 

15 

2.70 

5.64 

X 

ic'4 

3.96 

X 

10"5 

630 

15 

3.00 

5.22 

X 

A 
—  ft 

10 

3.72 

X 

Run  1*  umber 

Two  . 

0 

25 

11.1 

120 

25 

11.7 

3.73 

X 

10-4 

2.71 

X 

10-5 

180 

25 

12.0 

3.72 

X 

ic"4 

2.77 

X 

1c-5 

240 

23 

10.9 

5.84 

X 

10-4 

4.47 

X 

ID"5 

290 

20.8 

9 

5.61 

X 

-4 

10 

4.43 

X 

-5 

10 

347 

20 

8.75 

6.09 

X 

10-4 

4.88 

X 

10 -6 

382 

21 

10.1 

6.37 

X 

ic"4 

5.20 

X 

ic"5 
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Thg  Reaction  Between  I) i butyl  An iline  and  Benzene 

bulfonyl  Chloride . 

One  eighth  of  a  mole  of  each  was  dissolved  in  "benzene  and  the 

solution  was  made  up  to  250  cc. 


Time  in 
I.Iinutes 

cc .  HaOH  used 
I;  factor  .261 

gc.  HGl  used 
11  factor. 262 

0 

25 

8.8 

120 

25 

8.45 

210 

25 

9.25 

300 

25 

8.30 

380 

25 

9.40 

456 

25 

9  .30 

The  results  show  that  there  was  no  reaction  between  dibutyl 

aniline  and  benzene  sulfonyl  chloride. 

The  Keaot ion  Between  Diethyl  Aniline    nd  enzen 

ulfonyl  O.iloride . 

Time  in  co.  I<aCH  used  cc.  HC1  used  0^  for  mono-  G,.  for  di-mol. 
iiinutes    N  factor  .261    K  factor. 262    mol.  react.  ^Reaction. 

0  25 

120  25 

180  25 

240  20.15 

290  20 

345  20 

375  20 


1C.9 


11.2 

1.76 

X 

io-4 

1.29 

X 

io"5 

11.9 

4.09 

X 

io-4 

5.02 

X 

io"6 

7.55 

4.15 

X 

io"4 

3.11 

X 

io"5 

7.75 

4.78 

X 

ic-4 

3.68 

X 

ic  - 

7.90 

4.40 

X 

io"4 

3.59 

X 

ic"5 

8.0 

4.28 

X 

_4 

10 

3.30 

X 

io"5 
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SUMJAHY 

1.  B  enzoyl  "butyl  aniline  was  isolated  from  reaction  of 
benzoyl  chloride  and  dibutyl  aniline. 

2.  Benzoyl  chloride  did  not  react  with  dibutyl  aniline  in 
benzene  or  xylene  solutions  at  the  boiling  point  of  the 
solution. 

3.  Benzene  sulfonyl  chloride  did  not  react  with  dibutyl 

a  0 

aniline  in  benzene  solution  at  a  temperature  of  82  C. 

4.  Benzene  sulfonyl  chloride  reacts  with  dimethyl  aniline 
and  diethyl  aniline  in  benzene  solution  at  a  temperature  of 
82' G.      Ihe  methyl  group  is  displaced  a  little  easier  than 
the  ethyl  group. 

5.  The  velocity  cor;stantsLheck  for  a  mono -molecular  reaction, 
indicating  that  the  rate  of  decomposition  of  the  addition 
compound  formed  by  the  interaction  of  the  amine  arid  the  acid 
chloride  was  measured. 
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